INTRODUCTION
Clinical trials evaluating new therapies often use placebo control groups as a way to measure treatment-specific efficacy. In drug trials, this generally takes the form of an inert pill that resembles the trial drug. However, in trials of new surgical techniques, medical procedures, implantations or manipulations, like acupuncture, a 'sham' intervention is often used as the control. The sham procedure mimics the actual procedure in every way, including preprocedure routine, anaesthesia and incisions (if necessary), and postprocedure follow-up. However, participants in the sham arm do not receive the procedure under investigation. Sham procedures have generally been considered a more appropriate control than using no physical intervention, or usual medical care, in trials evaluating the efficacy of new procedures. Sham procedures more clearly distinguish whether a new procedure is effective beyond the placebo response that is due to the contextual cues of an invasive procedure.
The ethics of using sham controls in trials of new procedures has been extensively discussed and debated in the literature with particular emphasis on new invasive therapies for Parkinson's disease (PD) and pain. [1] [2] [3] [4] A prevailing assumption among commentators both in favour of, and opposed to, sham-controlled trials is that participants receiving the sham intervention will have no prospect of benefit while being exposed to its risks. This is reflected in both the risk-benefit assessments made by research ethics committees (RECs) and the informed consent process.
However, the substantial scientific evidence supporting the therapeutic benefit of the placebo effect warrants rethinking our current practices relating to risk-benefit assessments and informed consent for sham-controlled trials of invasive procedures. Placebos can elicit strong physiological effects and produce meaningful symptomatic relief. Indeed, there is often more sound evidence on the benefits of placebos than there is for experimental treatments under investigation. The physiological basis of the placebo effect is well understood for certain conditions, and sham procedures generally produce greater placebo responses in clinical trials than pharmacological placebos. 5 For the purposes of this article, we define the effects attributable to a placebo intervention as the 'placebo effect,' and the response of a participant in a control arm of a randomised trial as a 'placebo response. ' Despite growing scientific knowledge concerning placebo effects, investigators and RECs have continued to characterise sham procedures as 'nontherapeutic' interventions that carry risks to subjects without providing any prospect of benefit. There has been little consideration of whether the potential benefits from the placebo effect should be included in risk-benefit assessments, and whether the informed consent process should describe the positive aspects of the placebo effect to participants. A recent study of UK participant information leaflets found that only five of 45 leaflets mentioned that a placebo was capable of producing clinical effects. 6 Current practices may reflect the negative connotation of 'placebo' in the medical literature. Placebo is often described as something inert, lacking specific mechanistic activity, and a scientific tool meant only to control for the contextual cues of a study and biases of researchers and participants. 6 7 By contrast, experimental therapies are referred to as 'active' treatments, genuine, real and 'the focus of the study'. 7 Thus, it is evident that most researchers believe the only real potential benefit a participant may receive in a sham-controlled trial is from the investigational procedure.
The accumulation of scientific evidence on the placebo effect means it is time to reassess how the placebo effect is regarded in risk and benefit assessments of sham-controlled trials and during the Open Access Scan to access more free content informed consent process. Herein, we briefly discuss the current scientific data on the placebo effect, in general, and how this applies to sham-controlled trials of new therapies for PD and pain. We argue that the potential benefit from the placebo effect should be considered in risk-benefit assessments, and the informed consent process for sham-controlled trials of procedures to treat PD and pain. In addition to promoting accuracy in risk-benefit assessment and informed consent, rethinking the potential benefits from sham procedures resulting from placebo effects makes it easier to justify the evaluation of invasive procedures by means of sham-controlled trials.
SCIENTIFIC EVIDENCE OF PLACEBO EFFECTS: IMPLICATIONS FOR INVASIVE PLACEBO CONTROLS
The placebo effect is a physiological phenomenon, which varies with the invasiveness of the intervention, the nature of associated environmental cues, condition being treated and participants' expectation of receiving benefit. 8 9 The neurological basis of the placebo effect has been extensively studied, and we highlight here, the processes most relevant for PD and pain (more detailed and complete analysis can be found in references 7 8 10-14 ) . The effect of placebo on pain is mediated, in part, by the release of endogenous opioids and endocannabinoids. [10] [11] [12] Expectations also play a large role in the placebo effect; expectation of pain relief upon administration of a placebo is mediated by regions of the prefrontal cortex that can trigger endogenous opioid release. 10 11 Evidence also indicates that placebo interventions can divert attention away from pain. 10 Additionally, expectation of relief can decrease pain via dopamine release in reward centres of the brain. 13 Given the role of dopamine in the placebo effect, PD symptoms can be susceptible to the effects of placebo, since dopamine is diminished in PD. The magnitude of placebo-mediated dopamine release can be altered by manipulating participants' expectation of potential benefit, and can be equivalent to the dopamine release elicited by clinically used PD drugs. 8 14 Participants in both arms of two separate sham-controlled surgical intervention trials aimed at reducing PD symptoms showed significant improvement, even though there was no difference in overall outcomes between the sham and intervention in either trial. 9 15 Patients who believed they received a real procedure had better symptom control by blind evaluation and selfreport. 9 This trend was also observed in multiple trials of acupuncture versus superficial needling at non-acupuncture points (sham acupuncture) for pain relief; no difference was found between the arms, but the participants' expectations of pain relief predicted their response to treatment. 16 Overall, the evidence suggests that PD symptom and pain relief can be strongly influenced by the placebo effect, and expectations are a good predictor of outcomes from placebo treatments.
To assess the overall clinical significance of placebo effects on responses to treatment, a large meta-analysis was conducted that included trials with investigational, placebo and no-treatment groups. 5 As compared with no-treatment groups, placebo interventions did not have clinical significance; however, subgroup analyses revealed that placebo was effective in altering subjective patient-reported outcomes, especially for pain. Most importantly, this meta-analysis revealed that physical placebo interventions, such as sham acupuncture, were associated with larger responses than pharmacological placebos. 5 Physical interventions can range from acupuncture to brain surgery, and the more invasive and stressful an intervention is, the greater the placebo response. 5 17 However, it is important to acknowledge that the magnitude of the placebo effect from any particular sham procedure is unclear.
Sham-controlled trials of internal mammary artery ligation 18 (to reduce angina pain), vertebroplasty 19 (the injection of cement into fractured vertebra to reduce pain), and arthroscopic debridement of the knee 20 (to reduce osteoarthritis pain), all demonstrated that sham surgery had substantial effects on patient-reported outcomes. Even though these procedures were being widely used in medical practice at the time of the trials, none of them resulted in better patient outcomes than sham surgery. In these particular cases natural history may have some explanatory power, as no-treatment groups were not included in these trials; however, the extensive data on pain reduction from the placebo effect, and the meta-analytic data demonstrating the enhanced placebo response created by physical sham procedures, make it reasonable to assume that sham-controlled trials offer a prospect of benefit.
Clinical trial results suggest that the duration of the placebo effect can be substantial. Pain relief from sham arthroscopy of the knee lasted through the 2-year postprocedure follow-up. 20 Placebo-associated benefits in sham-controlled trials of new PD treatments have lasted several months. 15 In a trial including 1162 patients with chronic low back pain randomised to traditional acupuncture, a sham-acupuncture and usual care, patients receiving the sham intervention had greater pain relief for at least 6 months as compared with those receiving usual medical care. 21 
IMPLICATIONS OF CONSIDERING THE PLACEBO EFFECT IN RISK-BENEFIT ASSESSMENTS
The prospect of placebo benefit should be considered by RECs in risk-benefit analyses for sham-controlled studies of procedures for medical conditions that have sufficient medical evidence supporting the placebo effect. In particular, for those conditions, like PD and pain with substantial evidence, the placebo effect produced by sham interventions should be considered as a potential benefit.
It may only be appropriate to consider the placebo effect as a benefit when the study outcome, or the method by which clinical improvement in the specific disease is measured, is subjective or modifiable by psychological factors, such as expectation (eg, exercise tolerance). The outcomes of PD symptom and pain relief are subjective. In other conditions, such as asthma, there are both subjective outcomes and quantifiable clinical endpoints, and trials have shown placebos improving patient-reported outcomes but not measurable clinical endpoints. 22 It is sometimes assumed that subjective outcomes do not have the same weight as objective clinical endpoints, however, for conditions like PD and chronic pain, there are currently no disease-modifying treatments, and patients can only hope to modify their quality of life.
A main criticism of sham-controlled trials is that participants assigned to the sham intervention have no prospect of benefit while being exposed to all the risks of a procedure. Clinical trial design is supposed to minimise harm to participants and have a reasonable balance of risks and benefits. If the sham arm offers no prospect of benefit, and exposes subjects to substantial risks, the trial would have an unfavourable risk-benefit profile. This has led some bioethicists to reject sham-controlled trials:
It is undeniable that performing surgery in research subjects that has no potential therapeutic benefit fails to minimize the risks of harm. An alternative research design that did not involve sham surgery would pose a lower risk of harm to the subject in the control group. 4 Using a sham surgery component … adds risks of foreseeable and preventable harm without a corresponding benefit to subjects in the control arm.
We contend that the scientific evidence supporting the placebo effect challenges the assumption that subjects randomised to sham-control interventions receive no potential benefit.
Resistance to considering sham procedures as benefits may be based on the intention of performing them. The intention of administering a sham procedure is to provide an indistinguishable comparison intervention for the purpose of rigorous evaluation of treatment efficacy, not to benefit participants. However, it might also be questioned whether researchers intend to benefit participants by administering an investigational treatment, since the purpose of randomised trials is to conduct scientific experiments aimed at informing clinical practice. Currently, treatments evaluated for efficacy by randomised trials (including both experimental therapies and non-validated procedures used in clinical practice) and standard-of-care control interventions are thought to offer a prospect of therapeutic benefit. By contrast, sham interventions are not being evaluated for efficacy. However, it does not follow that sham procedures lack the potential for therapeutic benefit. What grounds a prospect of benefit from a procedure is not the intent of administration, but the evidence in support of a causal connection between administering the procedure and positive outcomes for patients.
Investigational treatments are routinely considered to offer a prospect of benefit, often based on little solid evidence. This evidence is often data generated through animal models, which are often poor mimics of human disease states, and uncontrolled clinical trials that are often unreliable indicators of clinical benefit. For example, many investigational brain-delivered PD treatments, including neurotrophic factor, retinal-pigmented epithelial cells and neurturin, have shown potential benefit in preclinical testing and small uncontrolled safety and tolerability trials, but failed to show any benefit in larger sham-controlled studies. 23 The evidence for potential benefit from these experimental treatments is, therefore, less rigorous than the controlled, clinical investigations conducted with several different techniques that have demonstrated sham procedures relieving pain and PD symptoms. Consequently, if receipt of an investigational treatment is considered a potential benefit, the placebo effect from a sham intervention should be considered a potential benefit as well.
Including all types of benefits, regardless of the source, is consistent with the US federal regulations governing research with human subjects (CFR 46.111(a)(2)). These regulations require that institutional review boards (IRBs) assure 'risks to subjects are reasonable in relation to anticipated benefits'. The regulations do not stipulate that only specific kinds of benefits should be considered.
The placebo effect should be regarded by RECs and IRBs as a potential benefit to patients receiving sham invasive interventions in trials of treatments for conditions that have sound medical evidence demonstrating placebo benefit to patients. Currently, pain and PD fall into this category, and the list will likely grow. Finally, considering potential benefit from the placebo effect would ease ethical concerns about sham-controlled trials insofar as there is evidence to support a prospect of benefit from sham procedures, which can at least partially offset the risks of these procedures.
IMPLICATIONS OF CONSIDERING THE PLACEBO EFFECT IN INFORMED CONSENT
A basic element of informed consent is a description of the potential risks and benefits from research procedures; hence, mentioning potential benefits from sham-controlled trials of treatments for PD and pain due to the placebo effect is required. The current approach to informed consent for participants entering randomised sham-controlled trials is to educate participants that their assignment to the sham arm will provide no benefit. This approach was used in the study of arthroscopic knee surgery for the treatment of osteoarthritis pain:
All patients provided informed consent, which included writing in their chart, 'On entering this study, I realize that I may receive only placebo surgery. I further realize that this means that I will not have surgery on my knee joint. This placebo surgery will not benefit my knee arthritis. 20 The statement in this informed consent document was directly contradicted by the results of the study itself. All participants in the study had equivalent improvement regardless of their trial arm allocation, suggesting that the benefit patients received from the procedure was largely due to the placebo effect. Those receiving sham surgery, directly benefited from the trial with less adverse events reported compared with the procedure arm.
The process of informed consent should introduce participants to the placebo effect and explain how it may benefit them. This approach would more closely follow the US federal regulations (CFR 46.116 (a)), which state that informed consent should include '… a description of any benefits to the subject or to others which may reasonably be expected from the research …' It has been suggested by others that informed consent disclosures should tell participants that the placebo effect is 'a real physiological phenomenon resulting from feelings, appropriate, beliefs, expectations, settings and interactions'. 24 Disclosing information about the placebo effect in informed consent is consistent with the principle of respect for persons, as disclosure would provide greater exchange of information and allow participants to make more educated choices about enrolment in research.
Informing participants of the potential benefit from a sham intervention could have a variety of implications. First, participant recruitment may improve for sham-controlled trials. In the knee surgery trial cited above, only 180 (56%) of the 324 eligible patients enrolled in the study. 20 Participants' fear of the risks from an invasive intervention, which is described in detail, without any understanding of the potential benefit of the sham intervention likely, contributes to low participation in these kinds of trials. Reshaping language about the sham arm to more accurately reflect the potential benefit may help to enrol more patients in the research enterprise.
Second, informing patients about the placebo effect should not reduce it. 4 This was demonstrated in an irritable bowel syndrome (IBS) trial, which informed participants that they would receive 'placebo pills made of an inert substance, like sugar pills, which have been shown in clinical studies to produce significant improvement in IBS symptoms through mind-body self-healing processes'. 25 Individuals treated with placebo had higher symptom-improvement scores and decreased symptom severity than those who did not receive an intervention but had the same level of provider contact. In another study, healthy volunteers who experienced a placebo effect, and were informed of their reaction, were just as likely to receive placebo benefit again, compared with those who were not told. 26 Both these cases support the notion that informing participants about the placebo effect does not undermine, and may increase, the potential benefit from the placebo effect; however, more research across a variety of conditions needs to be performed.
Lastly, informing participants about the potential benefits of placebo may have unintended consequences for study results. The placebo response in clinical trials can be enhanced by manipulating participants' expectations. For instance, a placebocontrolled study examining an asthma treatment presented participants with either basic materials about the benefits and risks of the therapy, or gave them additional positive messages about the value of the therapy. Subjects who received placebo treatment and positive 'enhanced messages' had greater improvements in patient-reported outcomes than subjects who did not receive 'enhanced messages'. 22 By contrast, there was no effect of 'enhanced messages' on subjects who received the experimental treatment. This implies that the placebo response was not equally strong between the two arms of the trial, and cannot simply be subtracted out. Informing participants of the benefits of placebo before interventional studies may act like 'enhanced messages' which increase the placebo response in the sham arm, and thus, decrease the differences between arms, making the effect of the experimental procedure harder to tease out. 24 Further studies are needed to establish whether these observations are generalisable to procedural intervention trials and to other disease states.
It is important that investigators take the possibility of altered expectation and enhanced placebo responses into consideration so that they can mitigate this risk and choose appropriate informed consent language. Informing participants about the placebo effect should use tempered language that is relatively neutral in order to avoid bias and unreasonably altering expectations. However, it should also accurately describe the placebo effect and the potential benefits from it. We suggest language similar to the following:
The trial you are enrolling in seeks to compare treatment T for patients with condition C to a control treatment called a 'sham', in which no T will be performed. The sham is a comparison for T and is not designed to benefit you; however, there is the possibility you may benefit from being assigned to either the treatment or the control 'sham' arm of the trial due to a real biological reaction your body has to being in a medical environment, and your own expectations of benefit from being enrolled in this trial. This reaction, called 'the placebo effect' has been shown to relieve some symptoms of C. The probability and magnitude of any benefit from either T or sham is uncertain.
CONCLUSIONS
We have argued that the potential benefit to research participants receiving sham invasive procedures for PD or pain should be reflected in risk-benefit assessments conducted by RECs, and in informed consent documents and conversations. The evidence of positive placebo effects from sham interventions support attributing prospect of benefit to participants receiving these interventions within clinical trials. Although the magnitude of benefit a participant may receive from the sham procedure is not always clear, neither is the magnitude of benefit from the intervention under investigation.
Considering the placebo effect as a benefit to study participants in sham-controlled trials does not presume that all trials will have favourable risks-benefit profiles. When considering the ethics of an individual sham-controlled trial, the risks and benefits specific to that trial need to be weighed. There are trials that will not meet favourability criteria, even after consideration of the potential benefit from the placebo effect; however, when relevant to the condition under study, the placebo effect should be included in the analysis to assure that it is rigorous and scientifically accurate.
Our argument to include the placebo effect as a benefit in clinical research does not necessarily apply to clinical practice. There is widespread debate, and a broad literature, about the use of placebos in medicine, although 86% of general practice physicians and 57% of internists and rheumatologists report using a placebo treatment in the past year. 27 Clinical care and clinical research have different goals, standards and regulations. For instance, exposing subjects to treatments with unknown benefits and risks, and performing tests and procedures that are not done for the care of the patient, are acceptable in research but not clinical care, because the goal of research is to gain knowledge. We believe that the use of placebos in clinical trials is consistent with the goals, standards and regulations of research, and that the placebo effect qualifies as a potential benefit to patients in sham-controlled trials. More research on consent language, and the views of RECs about the placebo effect, will help determine the best course of action to begin using scientific evidence to better inform decisions about which interventions have a prospect of benefit in sham-controlled trials.
